Parasitic infections are an important public health issue due to their high prevalence and widespread incidence. In Brazil there are no data on the performance of clinical laboratories regarding fecal examinations. The purpose of this study was, therefore, to assess the performance of clinical laboratories in Curitiba and its Metropolitan Region, Paraná state, on the diagnosis of intestinal parasitic infections. Samples were sent to laboratories in three semipermanent preparations on glass slides for microscopy analysis and three samples in diluent solution. The forwarded samples contained ten different parasite species and 22 possible diagnoses. The laboratories were scored very good, good, average or below average according to a predetermined standard. None of the assessed laboratories scored very good regarding the diagnosis of intestinal parasitic infections, 21.1% of laboratories scored good, 15.8% average and 63.2% below average. There were 22% false positives and 24.4% false negative results. The diagnosis of Ascaris lumbricoides eggs was least mistaken. The most common diagnostic failures were in the identification of hookworm larvae, Iodamoeba bütschlli cysts and Fasciola hepatica eggs. The poor performance of laboratories in parasitological diagnosis demonstrated that parasitology laboratories are neglected and professional training is not up to standard.
INTRODUCTION
Parasitic infections are an important public health problem due to their high prevalence and widespread incidence (Biolchini, There are no published data on the performance of parasitology laboratories in Brazil. The present study aims to evaluate the performance of clinical analysis laboratories in Curitiba and its Metropolitan Region in the State of Paraná on the diagnosis of intestinal parasitic infections.
MATERIAL AND METHODS
In order to carry out assays, ten different parasites species were selected. The stage form and the type of sample (microscope slide or suspension) in which the parasites were delivered to the laboratories studied are described in Table 1 . Each clinical laboratory received three semi-permanent preparations on glass slides for microscopy analysis, specified as "microscope slide", and three samples in 1 mL of preservative solution (10% formaldehyde) specified as "suspension". For suspension analysis the laboratories were instructed to prepare a microscope slide with a drop of the suspension with Lugol's iodine and analyze it under the microscope. Before sending the samples to the participating laboratories all preparation settings were evaluated by two professionals with over two years experience in fecal examinations in order to ascertain the presence of all the parasites in the samples.
The study was approved by the Research Ethics Committee of the Federal University of Paraná, under registration CAAE: 11331512.2.0000.0102. Over 32 clinical laboratories in Curitiba and its Metropolitan Region were contacted by telephone to participate in the research project.
The criteria for inclusion in the study were acceptance of free participation in the study and signature of the Free and Clarified Consent Term. Laboratories that did not carry out parasitological examination of feces or did not agree to sign the Free and Clarified Consent Term were excluded from the study. The clinical laboratories were graded according to a system stipulated for this assay, each correct identification corresponding to two points, and each error to one point. According to the number of correct or wrong parasite identifications, the participating laboratories were graded very good (90-100%), good (80-89%), average (70-79%) and below average (<69%). At the end of the project, the participating laboratories received a report with their performance in the study.
RESULTS
Only nineteen out of the 32 laboratories invited to take part in the research project accepted, ten private and nine public; therefore approximately 24% of the laboratories in the region were investigated. The 13 laboratories that refused stated they had no interest in participating.
All the participating laboratories informed that the exams were analyzed by a professional with higher education, in 17 laboratories by pharmacists, one by a biomedical scientist and one by a biologist.
The number of correct diagnoses, scores, false-positive and falsenegative results analyzed are shown in Table 2 . 58% of the laboratories reported a larger number of parasites and all laboratories made incomplete diagnoses. An average of 22% false-positive and 24.1% false-negative results were observed. According to the grading system the laboratories were classified as good (13.3%), average (50%) and below average (26.7%). False-negative 1 3 3 11 9 1 2 2 3 8 2 7 2 1 10 10 9 8 10
Classification G I R I I G I G I I R I R G I I I I I
Note: VG -Very good; G -Good; R -regular; I -Insufficient Table 3 shows the percentage of parasites correctly identified in each type of preparation. Regarding helminths, Ascaris lumbricoides eggs were correctly identified on both slides by all laboratories, but only 90% identified them in suspension (number 1). Hymenolepis nana eggs were sent on slide number 1 and 94% of the laboratories correctly identified this parasite. Enterobius vermicularis eggs were sent on two slides (number 1 and 3) and were correctly identified by 84% and 47% of the laboratories respectively. Trichuris trichiura eggs were sent on two slides (number 1 and 3) and were identified by 74% and 63% of the laboratories. Taenia sp. eggs were sent on microscope slide number 1 and in two suspensions (number 1 and 3) and were correctly identified in 79%, 68% and 63% respectively. Hookworm eggs were sent on one slide (number 1) and identified by 95% of the laboratories. Fasciola hepatica eggs were sent in suspensions number 2 and 3 and the identification percentages were 58% and 53% respectively. Regarding protozoa, Giardia duodenalis cysts were sent in four samples and in both types of preparation, and were correctly identified in 95% and 89% of the microscope slides and 74% of the suspensions. Iodamoeba bütschlli cysts were present on slide number 3 and were identified by 37% of the participating laboratories. Entamoeba coli cysts were sent on two microscope slides (number 1 and 3) and were identified by 84% and 95% of the laboratories respectively. Hookworm rhabditiform larvae were sent on microscope slide number 2, but only 47% of the laboratories correctly identified this parasite. Table 4 shows the false-positive results reported by the laboratories in each type of preparation. Sixteen different parasites that had not been delivered in any type of preparation were reported. Among the false-positive results, it is noteworthy that 58% of the laboratories reported Endolimax nana cysts in four samples and 42% of the laboratories mistakenly identified hookworm rhabditiform larvae as Strongyloides stercoralis larvae. 
DISCUSSION
It is believed that 13 laboratories did not agree to participate in the study because they knew they would be evaluated. Castro et al. (1995) assessed the health centers in the cities of Lima and Callao, both in Peru, and 26.8% of the laboratories diagnosed more parasites than delivered and 21.8% sent incomplete diagnoses. These results are lower than those observed in the present study in which 58% of the laboratories reported a higher number of parasites and all of them provided incomplete diagnoses. Blanco et al. (2013) reported 58.7% incomplete diagnoses in Bolívar, Venezuela.
The number of false-positive results found in this study (22%) was significantly higher than the results found in a similar analysis in Cali, Colombia (5.8%) (Ayala & Sánchez, 1974) . The authors ascribed those results to the awareness of the Colombian population regarding the high prevalence of enteroparasites. Thus, laboratory technicians and other professionals are compelled to find parasites even if these are not evident (Ayala & Sánchez, 1974) . In this study the laboratories were aware that they were being evaluated which might explain the false positives percentages.
False-negative results corresponded to 24.4%, less than those observed in Colombia (53.21%) (Ayala & Sánchez, 1974) . This result can be due to ignorance of the parasitic forms by the laboratory technicians or the presence of more than one parasite in the same sample. Furthermore, most of the errors related to intestinal parasite diagnosis may be due to the difficulty in identifying protozoa and in detecting eggs and cysts in cases of polyparasitism (Smith, 1979 Ascaris lumbricoides species presented fewer errors with 15.8% falsepositive results due to the typical egg morphology and the high parasite load present in the samples.
Ascaris suum decorticated eggs were mistakenly identified by 47% of the laboratories who instead reported the presence of hookworm eggs or Diphyllobothrium latum eggs. The possible diagnosis alteration from Ascaris suum decorticated eggs to hookworm eggs is worrying as it may indicate lack of knowledge regarding morphology, leading to erroneous epidemiological data.
Enterobius vermicularis eggs were not identified by 53% of the laboratories, and there were 5% false-positive results. The low percentage of accuracy in the diagnosis of this parasite may be because the microscope slide contained only one or two parasite eggs, possibly indicating the microscope slide was not fully examined. However, there is a certain difficulty in recognizing its morphology, since it is not a parasite regularly diagnosed in fecal examinations (Cook, 1994) .
Even in samples with a low parasite load, Trichuris trichiura eggs present characteristic morphology, however, 47% of the assessed laboratories failed to identify these helminthic eggs on the microscope slides, possibly indicating the microscope slide was not completely examined.
Forty-two percent of the laboratories did not identify Taenia sp. eggs on the microscope slides or in suspension, and 16% could not identify the eggs either on the microscope slides or in suspension. This result is quite alarming as an infection triggered by Taenia solium may lead to autoinfection causing a cysticercosis condition, of which there is an average worldwide mortality rate of 50.000 individuals per annum (Cruz et al., 1989; Chapman et al., 1995; Eddi et al., 2003) .
The microscope slide with hookworms rhabditoid larvae were correctly identified by 47% of the laboratories, 42% diagnosed them as Strongyloides stercoralis larvae and 11% reported a negative result. This error may be because in most cases the larval form found in feces is Strongyloides stercoralis shaped. This mistake may lead to erroneous treatment. For hookworm infections albendazole, mebendazole, pyrantel pamoate and levamisole treatment are suggested. On the other hand, for strongyloidiasis the drug of choice is ivermectin, but thiabendazole and albendazole can be an alternative treatment The large number of erroneous results directly affects population health and a false-positive result may increase the indiscriminate use of antiparasitic drugs which is a concerning issue as drug resistance may develop during therapy. On the other hand, a false negative result may cause damage to the patients' health, who may remain untreated and act as a disseminator causing persistence of the parasite biological cycle.
According to the predetermined grading, none of the laboratories scored very good in the diagnosis of intestinal parasites, 21% scored good, 16% average and 63% were below average. There was no difference between public and private laboratories. A similar analysis conducted by Castro et al. (1995) but using different criteria stated that 10% of the assessed laboratories ranked very good, 13.3% good, 50% average and 26.7% below average and Blanco et al. (2013) reported 57.1% below average. In the current assessment, the laboratories performed better in the microscope slide analyses than in suspensions, this result is very concerning, since suspensions would only require a little simple manipulation for the preparation of a microscope slide. Routine materials for fecal examinations are feces in natura, therefore requiring more handling, which may result in a higher percentage of errors.
The professionals who perform the fecal examinations apparently tend to have some difficulty in recognizing parasite morphology, since many mistakes could have been avoided if the professional had paid more attention to the size of the cysts, eggs and larvae, as well as peculiarities in the form of the parasitic elements.
The fact that no laboratory scored very good in fecal diagnosis and most of them were below average is quite alarming since it reflects neglect on the part of the laboratories regarding parasitology.
The first step to improve diagnoses is to provide continuous theoretical and practical training for professionals and improve parasitology teaching in the medical courses which should emphasize the importance of parasitological diagnoses.
